To better understand the pathogenicity and infectivity of a natural reassortant CGRn9415 generated from Hantaan virus (HTNV) and Seoul virus (SEOV), CGRn9415, HTNV 76-118 and SEOV L99 were used to infect newborn Kunming (KM) mice and newborn Wistar rats. In KM mice, there was no statistical difference between the death rate with CGRn9415 and that of L99, while 76-118 killed all mice even at low dosage; CGRn9415 killed all infected rats similar to L99 at the dosage of 10 5 f.f.u., while no death occurred in rats infected with 76-118 even as high as 2¾10 5 f.f.u., suggesting that the reassortant CGRn9415 possesses similar pathogenicity as L99.
Hantaviruses, members of the family Bunyaviridae, are enveloped, negative-sense ssRNA viruses. Currently, at least 23 established and 28 tentative hantavirus species have been identified in rodents and insectivores worldwide (Plyusnin et al., 2011) . Generally, hantaviruses show a specific association with their rodent or insectivore hosts (Plyusnin & Morzunov, 2001; Plyusnin et al., 2011) , and are thought to be a good example for co-divergence between virus and its host (Plyusnin & Morzunov, 2001) . Like most viral zoonotic agents, hantaviruses establish a persistent infection and do not affect the life span and reproduction of their rodent or insectivore hosts (Meyer & Schmaljohn, 2000) . On the other hand, they cause haemorrhagic fever with renal syndrome in humans in Asia and Europe and hantavirus pulmonary syndrome in the North and South Americas (Jonsson et al., 2010) .
A number of studies have shown that genetic reassortment can occur in nature within and between lineages of hantaviruses (Klempa et al., 2003; Razzauti et al., 2009) . In vitro studies also found that genetic reassortment of hantaviruses could occur between genetically distant viruses [e.g. Sin Nombre virus (SNV) and Black Creek Canal virus, SNV and Andes virus, Hantaan virus (HTNV) and Seov virus (SEOV), Prospect Hill virus (PHV) and Puumala virus], and even more distant hantaviruses as well, such as HTNV and PHV (Handke et al., 2010; Kang et al., 2002; Rizvanov et al., 2004) . Apart from the hantavirus genus, genetic reassortment occurs frequently in other Bunyaviridae genera in nature as well (Sall et al., 1999) . Recently, we isolated two genetic reassortants (CGRn9415 and CGRn8315) from Rattus norvegicus in Guizhou of China (Zou et al., 2008) . Genetic analyses revealed that HTNV from Apodemus agrarius spilled over to R. norvegicus and the natural reassortants with the HTNV S segment and the SEOV M and L segments (such as CGRn9415 used in this study) were generated during or after the spillover (Zou et al., 2008) .
Although dozens of hantavirus reassortants have been obtained in vitro or isolated in vivo (Handke et al., 2010; Kang et al., 2002; Klempa et al., 2003; Razzauti et al., 2009; Rizvanov et al., 2004) , little is known about their variation in the pathogenicity and the infectivity of these genetically reassorted hantaviruses from their parental viruses. In order to fill this gap, we used one natural reassortant (CGRn9415) (Zou et al., 2008) To compare the virulence of the reassortant virus CGRn9415 with those of its parental viruses HTNV and SEOV, newborn KM mice and newborn Wistar rats were inoculated intraperitoneally (i.p.) with CGRn9415, 76-118 or L99 at the indicated doses. As shown in Fig. 1(a) , all the KM mice died by 14 or 16 days post-infection (p.i.) when infected with a high dose (10 3 f.f.u.) of L99 or 76-118, while 85 % of the mice died when infected with 10 3 f.f.u. CGRn9415. There was no significant difference between the death rate of these three groups (P.0.05). When infected at the low dosage (5610 2 f.f.u.), 99 % of the mice died with 76-118, while only 12 or 7 % of the mice died when infected with L99 or CGRn9415, respectively. There was a significant difference in the per cent of death between the mice infected by 76-118 than by L99 or CGRn9415 (P,0.01), but no difference between L99 and CGRn9415. In Wistar rats (Fig. 1b) , CGRn9415 or L99 killed all rats by 17 or 13 days p.i., respectively, when infected with a high dose (10 5 f.f.u.). With low dosage (10 3 f.f.u.), L99 killed 55 % rats, while CGRn9415 killed 30 % rats (P.0.05). In contrast, none of the rats died when infected with an even higher dose (2610 5 f.f.u.) of 76-118. Overall these data suggest that the reassortant CGRn9415 is more similar to L99 than to 76-118 in the virulence.
Virus copies were detected with real-time PCR in organs of dying KM mice, which were more susceptible to all three viruses than Wistar rats. Murine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control (murine GAPDH prepared real-time PCR kit; Applied Biosystems). A comparative C t method was used to estimate the relative copies of virus in samples. Expression data were normalized to those for GAPDH mRNA in the same sample and presented as copies relative to mRNA from the sample that contains the smallest DDC t value. The result ( Fig. 1d) demonstrates that all three viruses have the highest virus titration in the brain followed by the lung, spleen, kidney, heart and liver. Virus titration of 76-118 was significantly higher than that of L99/CGRn9415 in the brain, lung and spleen (P,0.05). Thus, 76-118 replicated faster than L99/CGRn9415 in KM mice. To further compare the growth feature of 76-118, L99 and CGRn9415 in vitro, the replication of these viruses was studied in Vero E6 cells as described previously by Lemoine (Lemoine et al., 1968) . The results (Fig. 1c) showed that 76-118 reproduced faster than L99/CGRn9415 in Vero E6 cells. Overall, these results demonstrated that the replication of CGRn9415 was more similar to L99 than 76-118 both in vivo and in vitro, which may explain the difference in virulence between 76-118 and L99/CGRn9415.
Previous study found that 76-118 was more lethal to newborn mice than to newborn rats (Yamanouchi et al., 1984) . Similarly, we observed that a lower dosage (10 3 f.f.u.) of 76-118 could kill all mice in this study, whereas all rats survived the challenge of even a high dosage (2610 5 f.f.u.), confirming that HTNV shows different virulence in different rodent species. There have been controversies on the virulence of SEOV in newborn mice or newborn rats. Yoo et al. (1993) reported that SEOV possessed higher virulence to newborn mice than to newborn rats. However, Yamanouchi et al. (1984) found that SEOV seemed to be more virulent in rats than in mice. In this study, the survival rate (80 %) of KM mice inoculated with 5610 2 f.f.u. L99 was significantly different from that (45 %) of Wistar rats infected with 10 3 f.f.u. L99 (P,0.05). As a Wistar rat is almost twice as heavy as a KM mouse, our data support the notion that SEOV is indeed more virulent in Wistar rats than in KM mice (Yamanouchi et al., 1984) , if considering the virus dosage inoculated per kilogram of weight. Naturally, HTNV is hosted by A. agrarius and SEOV by R. norvegicus. Laboratory inbred mice including BALB/c, C57BL and KM mice are derived from Mus musculus (Goios et al., 2007) , which are not a natural reservoir for any known hantavirus, and Wistar rat is from R. norvegicus. Phylogenetic studies show that M. musculus shares a closer phylogenetic relationship with A. agrarius than with R. norvegicus (Steppan et al., 2005) . Together, these data also suggest that HTNV and SEOV may be more virulent to animals that are closely related to their hosts.
In order to demonstrate the variation of pathological changes between CGRn9415 and its parent viruses, various organs were sampled from the dying animals for analyses of histological changes. Pathological studies showed that major damages occurred in the brain (Fig. 2 ) of all animals infected with CGRn9415, 76-118 or L99. No significant pathological changes occurred in other organs (data not shown). Meanwhile, immunohistochemical analysis detected hantavirus antigen in many organs including the brain, liver, kidney, spleen, lung and heart (data not shown). Since all Wistar rats inoculated with 76-118 survived throughout the experimental period, periodic sampling revealed few necrotic neurons or infiltrating mononuclear cells in the brain.
In order to know host selection of the reassortant virus, the duration of CGRn9415 in KM mice or Wistar rats was compared with those of their parental viruses HTNV and SEOV. Animals (five in each group) in low-dose groups (Table 1) and PBS control groups were euthanized periodically. Blood was sampled for virus detection with an indirect immunofluorescence assay (IFA) kit (Progen). Total RNA was extracted from organs (brain, liver, spleen, lung, kidney, heart and blood) with TRIZOL reagent (Sigma) and PCR amplification of the partial S and L segments of hantaviruses (Zou et al., 2008) was used to detect virus RNA. Viral-specific RNA was detected in the lung from at least one mouse infected with 76-118 from 7 to 30 days p.i. and in the kidney from 15 to 45 days p.i. Surprisingly, viral-specific RNA was detected in the lung, spleen and kidney of almost all rats infected with 76-118 from 7 to 60 days p.i. and in the brain from 15 to 60 days p.i. (Table 1 ). In animals (rats and mice) infected with L99, viral-specific RNA was identified in the brains, lungs, spleens and kidneys from 7 to 45 days p.i. For KM mice infected with CGRn9415, viral RNA could be detected in the lung up to 60 days p.i. Notably, viral RNA of CGRn9415 could be detected in both brain and lung tissues of infected Wistar rats, like that of HTNV-infected group (at least 60 days in our study), but longer than that of SEOV-infected group (only 45 days) ( Table 1 ). In addition, CGRn9415 persisted in almost the same number of organs as L99, but less than 76-118 in Wistar rats. However, CGRn9415 sustained infection in more organs of mice than 76-118 or L99. Yet, neither rats nor mice developed apparent clinical illness during the whole experimental period (60 days).
Immunohistochemical analysis with rabbit anti-hantavirus polyclonal antibody (produced in our laboratory) and goat anti-rabbit mAb (Sigma) was performed to investigate antigen distribution in organs of persistently infected animals (according to PCR results as shown above) at 60 days p.i. Hantavirus antigen was detected in brain neurons, endothelial cells of glomerulus and nephridial tubule of kidney tissue, alveolar epithelial cells of the lung and spleen tissues in Wistar rats inoculated with 76-118; in KM mice and Wistar rats infected with CGRn9415, hantavirus antigens were only detected in alveolar epithelial cells of the lung. Haematoxylin and eosin staining revealed no obvious pathological changes in organs of rats and mice inoculated with each of these three viruses (data not shown).
Although A. agrarius and R. norvegicus are the major hosts of HTNV and SEOV respectively, HTNV is also found in A. peninsulae, but rarely in other rodent species (Zhang et al., 2007; Zou et al., 2008) ; and SEOV is frequently found to be associated with several other species of rats, and even Pathogenicity and infectivity of a reassorted hantavirus M. musculus (Wang et al., 2000; Zhang et al., 2010a, b) . In this study, 76-118 could establish a persistent infection in a genetically distant species (Wistar rat), but was difficult to establish a persistent infection in a relatively closely related species (KM mice). The higher pathogenicity of HTNV to KM mice than to Wistar rats seems responsible for the difference (see above). Interestingly, L99 could establish almost a similar persistent infection in both KM mice and Wistar rats. Like L99, the reassortant CGRn9415 could cause a persistent infection in both rats and KM mice as well. Taken together, these data show that there are indeed differences in the infectivity and pathogenicity of hantaviruses in different rodent species.
Segment reassortment is one of the important ways used by segmented viruses to achieve high infectivity and adaptation to the new animal hosts (Parrish et al., 2008) . Earlier studies suggest that the M segment is critical to hantavirus virulence and even a single amino acid change in the envelope glycoproteins can affect the pathogenicity and biological properties of the virus . Unlike HTNV, the reassortant CGRn9415, L99 only caused death in 7 or 12 % infected mice, respectively. Moreover, CGRn9415 killed all infected rats similar to SEOV. Furthermore, it could establish a persistent infection in either KM mice or Wistar rats more easily than HTNV or SEOV. In fact, it persisted longer and more broadly in Wistar rats than SEOV and in KM mice than HTNV and SEOV. As the genome of the reassortant CGRn9415 consists of the HTNV S segment and the SEOV M and L segments (Zou et al., 2008) , these data suggest the reassorted hantavirus may keep the pathogenicity of SEOV and achieve some extent of infectivity of HTNV and SEOV. Finally, our results also suggest that the M segment may play a crucial role in the pathogenicity and biology of hantaviruses.
